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(57) ABSTRACT

Disclosed 1s a wire harness checker and a wire harness check-
ing method, which are capable of determining whether a
terminal of a terminal-fitted wire 1s adequately 1nserted 1n a
connector housing, without contact with the wire and the
terminal, objectively and reliably. Each of three pairs of sen-
sor plates (20a, 206, 30a, 30b; 40a, 405) are disposed adja-
cent to an outer wall surface of a connector housing 10 1n
opposed relation to one another. An AC inspection signal 1s
supplied to a terminal to be inserted into the connector hous-
ing 10, and detected from the terminal by each of the pairs of
sensor plates (20a, 2056), (30a, 30b), (40a, 405), to detect an
insertion position of the terminal 1n the connector, 1n accor-
dance with a relative value of each detection signal from the
sensor plates, so as to determine adequacy of the insertion
position.

5 Claims, 8 Drawing Sheets

- 170
signal control section|
r
I
100
al

inspection control section

AR
== P=P=P=9

5%
e P=P=P=P=0= =

.....
-
'''''

200 T 180
| .

display control section &




U.S. Patent Feb. 24, 2009 Sheet 1 of US 7,495,452 B2

a0

/’_\H
2 33 170

51
/
51a /
59a—Y< / >
'ﬁr( '//v o4 & signal control section
300
032
R 1%
/IIIIJ%
=

303 ::::::::::::::::::' _ Inspection control section

20a
403

10

display control section

Fig. 1



U.S. Patent Feb. 24, 2009 Sheet 2 of 8 US 7,495,452 B2

5]




. € 013
m, 921
Z ZZN — LZA

Z 2ZN

S10)%
c | GEZN — LZA

. L |BAEN cel
= AN

cvl AN +

XA + XAl €61 +el

Feb. 24, 2009

q0¢

X XN
A ,
XN + IXA o
P
e

_. V 11n0I10 U0NY99p yead A

A 11

U.S. Patent



U.S. Patent Feb. 24, 2009 Sheet 4 of 8 US 7,495,452 B2

| Calculated
Cavity Vx1 Vx2 Voltage
(Vp-p) | (Vp-p) (Vp-p)
L4 N N
pP—D
- a.» | 7.29 | 0.38 | 0.4l
(2,2 | 2.05 | 0.56 | 1.56
(3,2 | 1.06 { 0.8 | 305
4,2 | o.62 | 1.37 | 4.77
_G,2) | o0.42 | 2.67 | 593
—Gn | 0@ | s | 61
043 | D45
(1) | 1.72 | 0.62 | 1.83 |
@31 | 0.94 [ 0.8¢ | 330
@D [ 06 | 121 | 46
0.47 | 2.38 | 5.70
(6,1 | 0.32 | 8.8 | 6.65 |
= I
— P
| (,2) | 3.56 | 0.21 | 0.46 |
(2,2 { 0.99 | 029 | 1,59 |
@, [ o051 | 041 | 302
(4,2 | 0.30 | 0.67 | 4.57
6,2 [ 0.22 | 1.81 | 5.78
| 6.2) | 0.16 | 4.568 |  6.62 |
__0,1) |} 3.15 | 0.24 | 0.5 |
_(2,1) | 0.8 | 0.33 | 1.89
__®,1) ] 0.46 | 0.42 | 3.21 |
@41 | 031 | 0.62 | 4.4
G, | 0.26 | 1.16 |  5.87 |
6,1 | 019 | 447 [  6.57

Cavity location in connector housing

Cavities in connector housing arranged at even intervals (pitch: about 2.5 mm)

Fig. 4



U.S. Patent Feb. 24, 2009 Sheet 5 of 8 US 7,495,452 B2

Start
| Sttt S
Y

Activating signal
control section / S3
Activating light-emitting
elgmcnt at insertion location

Driving inspection S4
control section

S

Performing terminal-fitted-wire
inserting operation

e
Is terminal-fitted

wire inserted?

S8

Is inspection result OK?

7

_ Yes
Terminating inspection

No

Yes
NoO
Yes

Informing occurrence of
defect and defect factor

S9

Correcting defect

Specifying next insertion location

and next terminal-fitted wire

c15 L_END

Fig. 5



U.S. Patent Feb. 24, 2009 Sheet 6 of US 7,495,452 B2

10 b1

60

JOb




U.S. Patent Feb. 24, 2009 Sheet 7 of 8 US 7,495,452 B2

Tahle |

T =
R

, W) "
I O
3 Z
g ]
o I 7« I
T 7
= ’
Ej 0y ',l/‘ : calamn |
4t
7
™) f_;'iﬁ - ¢column 3
= LY colamn 4
o

Cavity Location

Relutionship between X voltage afler caleulation of owtputs from dividers

Fig. 7A



U.S. Patent Feb. 24, 2009 Sheet 8 of 8 US 7,495,452 B2

Tabie 2

_n.r-l-l-l----—F B EYREY R AR R LR LR YRR e e e T T T T T Rl
.
| 2{) VP"’P 18} VP"P
TR IEAEARSAE AR R BT R e eh e - i ey el -y T N P N ey oy, e ey

Upper Portion columi } column 3

" AAaTEITLIAARE T T LR R R AR AT R AR AR AR TR LA R R AR AR FEEMTALLARLEE AR ERL LS b bk re—— g g g o P g B M B, . S, e
"
ARVET POrIan CMiutmt
T o i i el Syl S Ty —— T =1, eyl W VL ™ T T A T e M M M 0 o T T e ey

Fig. 7B



US 7,495,452 B2

1

WIRE HARNESS CHECKER AND WIRE
HARNESS CHECKING METHOD

TECHNICAL FIELD

The present invention relates to a wire harness checker and
a wire harness checking method for mspecting, in a non-
contact manner, whether a terminal-fitted wire comprising an
clectric wire and a terminal fixedly fitted onto an end of the
wire 1s adequately inserted 1n a connector housing.

BACKGROUND ART

Late years, an electric control-based operation system has
been increasingly used 1n various products. In such a system,
a wire harness has a key role 1n connecting a controller to
various electric components, and defects 1n a wire harness
have a direct impact on total quality of a product.

Thus, 1n a wire harness production process, 1t 1s required to
ispect a production quality of a wire harness. Specifically, a
wire harness has heretofore been inspected 1n such a manner
that a connector housing attached with a plurality of terminals
of a wire harness (or an assembly of terminal-fitted wires) 1s
mounted on an 1nspection j1g, and then an mspection probe 1s
brought into mechanical contact with each of the terminals to
perform continuity check.

For example, Japanese Patent Laid-Open Publication No.
08-146070 discloses an inspection apparatus, wherein, in an
ispection mode, an output-side inspection connector for
receiving an inspection signal 1s mechanically connected to
an output-side connector (or connector housing) fitted with
one end of a terminal-fitted wire assembly having the other
end 1nserted in an nput-side connector pre-connected to an
input-side inspection connector for supplying the inspection
signal, and then the inspection signal 1s applied from the
input-side mspection connector to each terminal of the termi-
nal-fitted wire assembly inserted in the input-side connector
sO as to mspect a production quality of the wire harness (unit
ol the mmput-side and output-side connectors and the terminal-
fitted wire assembly).

However, the continuity check based on mechanical con-
tact using the inspection probe involves a problem about
occurrence of plastic deformation in the terminal due to
defects 1n the mspection probe.

In recent trend, the size of a terminal has become smaller
and smaller along with downsizing of connectors, 1t becomes
difficult to ensure an end-surface area of a terminal, which 1s
required for adequate contact with an inspection probe. Thus,
some mspections have to be performed by bringing an inspec-
tion probe into contact with a tongue portion of a terminal to
ensure a sullicient contact surface. In this case, even slight
change 1n contact force of the inspection probe 1s likely to
cause plastic deformation 1n the terminal tongue.

Moreover, 1f a positive result 1s obtained in the continuity
check, the wire harness will be determined to be normal
regardless of occurrence of the plastic deformation, and this
defect will undesirably come up to the surface after the wire
harness 1s incorporated in a product. Thus, there 1s a strong
need for providing a wire harness checker capable of mnspect-
ing a wire harness without contact between a terminal and an
ispection probe.

Further, an inspection operation about faulty-wiring has
heretolore been performed after completion of an operation
for inserting a plurality of terminals of a terminal-fitted wire
assembly into a connector. Thus, 1 a faulty-wiring 1s
detected, it 1s necessary to perform a significantly time-con-
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2

suming operation for detaching and re-inserting the terminal
of the relevant terminal-fitted wire.

DISCLOSURE OF THE INVENTION

In view of the above problems, 1t 1s therefore an object of
the present invention to provide a wire harness checker and a
wire harmess checking method capable of mspecting a wire
harness without damage 1n connector housings and terminals,
and usable even during a wire harness production process.

In order to achieve the above object, according to a first
aspect of the present invention, there 1s provided a wire har-
ness checker for inspecting a state when and after a terminal
of a terminal-fitted wire having an end fixedly fitted with the
terminal 1s inserted into a connector housing to form a wire
harness. The wire harness checker comprises: AC inspection
signal supply means for supplying an AC 1nspection signal to
the terminal-fitted wire at least when the terminal thereof 1s
inserted 1n the connector housing; at least one pair of electr-
cally-conductive plates disposed adjacent to the connector
housing and adapted to detect the AC inspection signal from
the terminal of the terminal-fitted wire 1nserted into the con-
nector housing; and determination means for determining a
position where the terminal of the terminal-fitted wire sup-
plied with the AC detection signal from the AC inspection
signal supply means 1s mserted 1n the connector housing, 1n
accordance with a relative detection value of each detection
signal of the pair of electrically-conductive plates.

In the above wire harness checker, the determination
means may be operable to convert each detection signal of the
pair of electrically-conductive plates into the relative detec-
tion value, on the basis of a distance between the electrically-
conductive plates, so as to cancel a variation 1n the AC inspec-
tion signal supplied to the terminal-fitted wire.

According to a second aspect of the present invention, there
1s provided a wire harness checking method for use 1n a wire
harness checker which includes: a plurality of wire support
members each adapted to support, with respect to each of a
plurality of insertion locations of the connector housing, a
corresponding one of a plurality of terminal-fitted wires to be
sequentially attached to a connector housing, and provided
with a signal supply portion adapted to achieve capacitive
coupling for each of the terminal-fitted wires; inspection sig-
nal feeding means for feeding an AC inspection signal to one
ol the wire support members which supports one of the ter-
minal-fitted wires to be attached to the connector housing, so
as to supply the AC inspection signal to the terminal-fitted
wire; and at least one pair of electrically-conductive plates
disposed adjacent to an outer surface of the connector housing
in opposed relation to one another. The wire harness checking
method comprises: detecting each of the AC inspection sig-
nals from the electrically-conductive plates; determining a
location where one of the terminal-fitted wires 1s attached to
the connector housing, 1n accordance with a relative detection
value of each of the detected AC inspection signals; and
allowing checking on whether one of the terminal-fitted wires

which 1s supplied with the AC inspection signals corresponds
to the determined location of the attached terminal-fitted

wire.

According to a third aspect of the present invention, there 1s
provided an apparatus for inspecting a position where a ter-
minal supplied with an AC mspection signal 1s inserted in a
connector housing. The apparatus comprises: at least one pair
of electrically-conductive plates disposed adjacent to an outer
surface of the connector housing 1n opposed relation to one
another and adapted to detect the AC mspection signal from
the terminal 1nserted into the connector housing; and deter-
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mination means for determining an insertion position of the
terminal 1n the connector housing, in accordance with an
AC-1nspection-signal detection result from each of the elec-
trically-conductive plates. The determination means 1s oper-
able to determine an 1nsertion position of the terminal 1n the
connector housing, 1 accordance with a relative detection
value of each detection signal of the pair of electrically-
conductive plates, so as to mspect the insertion position of the
terminal in the connector housing.

In the above apparatus, given that the pair of electrically-
conductive plates are defined, respectively, as nl and n2, the
determination means 1s operable to determine an 1nsertion
position of the terminal 1n the connector housing by compar-
ing between a value obtained from the following formula:
(Vn2)/(Vnl+Vn2), wherein Vnl and Vn2 are, respectively,
signal values detected from the terminal by the pair of elec-
trically-conductive plates, and a reference value obtained
from the following formula: (Vn2)/(Vnl+Vn2), wherein Vnl
and Vn2 are, respectively, signal values detected by the pair of
clectrically-conductive plates when disposed at a predeter-
mined reference position, so as to mspect the insertion posi-
tion of the terminal 1n the connector housing.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s an explanatory schematic diagram of a fundamen-
tal inspection principle 1n a wire harness checker according to
one embodiment of the present invention.

FIG. 2 1s a schematic diagram showing the structure of a
watershoot-shaped support member 50 having an electro-

magnetically shielded outer portion, in the wire harness
checker 1n FIG. 1.

FIG. 3 1s a block diagram showing a detailed configuration
of an inspection signal processor of an inspection control
section 1n the wire harness checker according to the embodi-
ment.

FIG. 4 1s a chart showing one example of a detection result
using an 1inspection control section of the wire harness
checker according to the embodiment.

FIG. 5 1s a flowchart showing an insertion mspection pro-
cess using a device for checking an insertion position of a
target terminal in a connector, in the wire harness checker
according to this embodiment.

FIG. 6 1s a schematic diagram showing one example of a
connector holding unit in the wire harness checker according
to this embodiment.

FIG. 7A 1s a graph showing the relationship between X
voltage after calculation of outputs from dividers;

FIG. 7B 1s a table showing the position of values 1n FIG. 4.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference to the drawings, one embodiment of the
present invention will now be described.

A wire harness checker according to this embodiment 1s
designed to determine whether each of a plurality of terminal-
fitted wires 1s iserted 1n a connector housing 1n a proper
position, without contact with a terminal of the terminal-fitted
wire mserted in the connector housing. This checker makes 1t
possible to perform the positional determination while insert-
ing the terminal-fitted wires into the connector during a wire
harness production process, and eliminate the need for check-
ing a positional state of the terminals in the connector 1n a
subsequent production process or a factory shipment stage.
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First Embodiment

With reference to FIG. 1, a fundamental 1nspection prin-
ciple in the wire harness checker according to this embodi-
ment. FIG. 1 1s a schematic diagram showing the wire harness
checker according to this embodiment.

In FIG. 1, the reference numeral 10 indicates a connector
housing (hereinafter referred to as “connector’”) serving as an
end of a wire harness as an mspection target. One of opposite
end terminals of a pre-specified terminal-fitted wire 300 1s
inserted into a predetermined location of the connector 10 up
to a predetermined depth.

For example, this terminal-fitted wire 300 to be attached to
the connector 10 1s prepared by cutting an electric wire into a
predetermined length, and fixedly fitting (e.g. crimping) a
pre-specified terminal to be inserted the connector 10, onto
cach of the ends thereof.

The reference numerals 20a, 205 1ndicate a pair of Y-axis
sensor plates each disposed adjacent to a corresponding one
ol outer surfaces of a first pair of opposed side walls (e.g.
opposite longitudinal side walls when the connector 10 has a
rectangular shape in top plan view) of the connector 10. The
reference numerals 30q, 305 indicate a pair of X-axis sensor
plates each disposed adjacent to a corresponding one of outer
surfaces of a second pair of opposed side walls (e.g. opposite
narrower side walls when the connector 10 has a rectangular
shape 1n top plan view) of the connector 10.

The reference numerals 40a, 406 indicate a pair of Z-axis
sensor plates which are disposed adjacent to a connection
surface (bottom surface in FI1G. 1) of the connector 10 relative
to another connector to be mated to the connector 10, and
spaced apart from one another by a given distance 1n a parallel
arrangement. While the Z-axis sensor plates 40a, 4056 1llus-
trated 1n FI1G. 1 are formed, respectively, on opposite surfaces
ol an insulating sheet to ensure the given distance therebe-
tween, the present invention 1s not limited to this manner.

The reference numeral 50 indicates a wire support unit for
supporting the terminal-fitted wire to be attached to the con-
nector 10. In the embodiment illustrated in FIG. 1, the support
member 50 includes four watershoot-shaped support mem-
bers 51 to 54 each designed to support one terminal-fitted
wire independently.

Each of the watershoot-shaped support members 51 to 54 1s
partly formed as or provided with a signal supply portion 51a
(52a, 33a, 54a) for receiving an AC spection signal and
supply the recerved AC imspection signal to the wire sup-
ported thereon.

In this embodiment, each of the watershoot-shaped support
members 31 to 54 1s located at a position where even alter a
selected one of the terminal-fitted wires supported by the
watershoot-shaped support member (52q 1 FIG. 1) 1s pulled
outward to 1nsert the terminal of this terminal-fitted wire into
the connector 10), at least a portion of the selected terminal-
fitted wire 1s located at a position opposed to the correspond-
ing signal supply portion (52q 1n FIG. 1).

Thus, during the course of an operation for inserting the
terminal of the selected terminal-fitted wire 1nto a given posi-
tion (location and depth) of the connector 10, at least portion
of the selected terminal-fitted wire 1s always located at a
position opposed to the corresponding signal supply portion,
and constantly supplied with an AC mspection signal as long
as the corresponding signal supply portion 1s 1n a signal
receiving state.

Preferably, an AC 1nspection signal 1s supplied only to
either one of the terminal-fitted wires supported by one of the
watershoot-shaped support members 50 which 1s recerving
the AC inspection signal, but not to the terminal-fitted wires



US 7,495,452 B2

S

supported by the remaining watershoot-shaped support mem-
bers 50. For this purpose, 1t 1s preferable to provide a shield in
cach outer portion of the watershoot-shaped support mem-
bers 50 so as to electromagnetically shield between the adja-
cent the watershoot-shaped support members 50 to reduce the
level of outside leakage of an AC mnspection signal supplied
from one of the signal supply portions to the corresponding
terminal-fitted wire.

FI1G. 2 shows a detailed structure of the watershoot-shaped
support member 50 having an outer portion which 1s electro-
magnetically shielded as described above.

In FIG. 2, the reference numeral 335 indicates a signal
supply portion made of an electrically conductive material.
When no AC signal (inspection signal) 1s fed thereto, the
signal supply portion 35 has an electromagnetically shielding
function. Specifically, when it 1s required to serve as signal
supply means, the AC signal 1s fed from an after-mentioned
signal feeding control section 170. If 1t 1s required to serves as
clectromagnetically shielding means (if 1t 1s not necessary to
serve as the signal supply means), the signal supply portion
53 1s grounded. This structure makes 1t possible to supply the
AC signal, in a non-contact manner, to the terminal-fitted wire
supported by the watershoot-shaped portion 55, and provide
a low power-to-ground impedance 1n the terminal-fitted wire
when no AC signal 1s fed thereto.

The reference numeral 56 1ndicates a wire-harness protect-
ing member for preventing damages in the terminal of the
wire harness due to contact between the terminal and a metal
clement associated with the signal supply portion. For
example, the wire-harness protecting member 56 1s made of
plastic.

The reference numeral 37 indicates a support member
made, for example, of plastic. The support member 57 1s
tormed to support a terminal-fitted wire and the signal supply
portion 35, and serve at least as an outer wall extending over
a surface area of the signal supply portion 55.

While the watershoot-shaped support member 1n FIG. 2
has a semicircular shape, the present invention 1s not limited
to this embodiment. For example, the support member may
have any other suitable shape, such as a cylindrical shape
designed to allow the terminal-fitted wire to be 1nserted there-

through.

The signal supply portion 55 may be formed by attaching to
the watershoot-shaped support member an aluminum foil
having excellent electric conductive characteristics and rela-
tively low cost. When the watershoot-shaped support mem-
bers are designed to provide a suificient distance between the
adjacent terminal-fitted wires, and made of non-electrically
conductive material, such as plastic, the aluminum foil may
be attached onto an outer surface of the watershoot-shaped
support members to form the signal supply portion.

While the wire harness checker according to the embodi-
ment 1llustrated in FIG. 1 has only four of the watershoot-
shaped support members, the number of the watershoot-
shaped support members may be practically set at a value
corresponding to the number of terminal-fitted wires to be
attached to at least ten of the connectors 10.

In FIG. 1, as mentioned above, the sensor plates (20a, 205,
30a, 305, 40a, 40b) are positioned adjacent to the side sur-
faces and the bottom surtace of the connector 10. Thus, when
the terminal of a selected one of the terminal-fitted wire
supplied with an AC inspection signal 1s mserted into the
connector 10, the signal from this terminal 1s detected by the
sensor plates (20a, 2056, 30a, 306, 40a, 40b6), to obtain a
detection signal. Specifically, this detection signal 1s detected
as a level corresponding to a distance from this terminal
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The reference numeral 100 indicates an inspection control
section for controlling various operations of the wire harness
checker, and the reference numeral 170 indicates a signal
teeding control section for controllably feeding an AC inspec-
tion signal to each of the signal supply portion (51a, 51a, 53a,

54a) of the support unit 50, under the control of the inspection
control section 100.

The signal feeding control section 170 1s operable to feed
an AC 1nspection signal sequentially to the signal supply
portions of the watershoot-shaped support members. More
specifically, the signal feeding control section 170 1s oper-
able, at a certain timing, to feed the AC nspection signal only
cither one of the terminal-fitted wires supported by the water-
shoot-shaped support members 30 without simultaneously
teeding the AC 1nspection signal to the remaining terminal-
fitted wires.

An AC mspection signal to be fed from the signal feeding
control section 170 1s not limited to a specific wavetform.
Preferably, the AC mspection signal 1s a sine wave having a
frequency of 1 KHz to 10 KHz to simplify the structure of an
oscillator. A desirable level of the AC nspection signal 1s
varied depending on an effective signal-supply area of each of
the signal supply portions. For example, when the signal
supply portion 1s formed to have a length, for example, of
about 50 cm 1n a longitudinal direction of each of the water-
shoot-shaped support members (or a longitudinal direction of
cach of the terminal-fitted wires), a desirable mspection can
be achieved by setting a signal level of 25 Vp-p. This means
that, even 11 an operator touches the signal supply portion, the
signal level has no adverse affect on the body of the operator.
This allows the operator to safely perform the inspection.

Preferably, during a period where no AC mspection signal
1s Ted to the signal supply portion, this signal supply portion
1s grounded. When the signal supply portion 1s 1n a grounded
state, a leakage signal level to the terminal-fitted wire sup-
ported by the corresponding watershoot-shaped support
member can be lowered, and thereby an error due to adverse
alfects of the leakage signal to this terminal-fitted wire can be
reduced.

The reference numeral 180 indicates a display control sec-
tion for controlling a plurality of light-emitting elements 1n an
insertion-location designation unit 200 in such a manner as to
activate one of the light-emitting elements disposed at a posi-
tion corresponding to a location of the connector housing into
which the terminal of a selected one of the terminal-fitted
wires 1s to be inserted next, under the control of the inspection
control section 100.

In this embodiment, the inspection control section 100 1s
designed such that, 1n each pair of sensor plates (20a, 205;
30a, 305; 40a, 40b), a distance between the pair of sensor
plates 1s calculated based on two detection signal values
obtained by the pair of sensor plates, and then a relative
distance between the inserted terminal and each of the pair of
sensor plates 1s detected based on each of the two detection
signal values while using the calculated distance between the
pair ol sensor plates as a reference value. This makes 1t
possible to reduce variations due to a difference 1n level of an
AC 1nspection signal to be supplied from the signal supply
portion to a corresponding terminal-fitted wire

An 1sertion location of the terminal supplied with an AC
ispection signal, 1 the connector 10, can be clarified by
detecting a Y-axis directional (lateral) position in the connec-
tor 10 using the Y-axis sensor plates 20a, 205, and detecting
an X-axis directional (longitudinal) position in the connector
10 using the X-axis sensor plates 30a, 305, and then can be
detected whether the terminal 1s inserted 1n a proper location.
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Further, on the basis of the given distance between the two
/-axi1s sensor plates 40a, 400 which are positioned adjacent to
the bottom surface of the connector 10, a relative distance
between the 1nserted terminal and each of the sensor plates.
This makes 1t possible to determine whether the terminal 1s
inserted 1 a given position or depth in the connector 10
(whether the terminal of a selected one of the terminal-fitted
wires 1s adequately inserted 1n the connector 10).

In this embodiment, each of the sensor plates (20a, 205,
30a, 305, 40a, 40b) 1s operable to detect the AC inspection
signal from the 1nserted terminal, and each detection voltage
ol the sensor plates 1s dependent on a surface area of the
sensor plate opposed to the terminal. Thus, even 11 the sensor
plate 1s partly formed with a hole or a cutout portion, a
variation in detection results 1s significantly small, and sub-
stantially 1gnorable.

For example, the aforementioned plurality of light-emat-
ting elements of the insertion-location designation unit 200 1s
positioned under the bottom surface of the connector 10,
correspondingly to a plurality of insertion locations of the
connector 10, for example, 1n a matrix arrangement. Further,
a plurality of holes each having a given diameter may be
formed in portions of the Z-axis sensor plates 40a, 4056
located, respectively, above the light-emitting elements,
without any problem. Thus, based on the display control
section 180, one of the light-emitting elements located under
a location into which one of the terminals 1s to be inserted next
can be activated to emit light so as to visually indicate a
terminal-insertion location to an operator responsible for the
operation for mserting the next terminal 1into the connector
10. Alternatively, the wire harness checker according to the
above embodiment 1s designed to activate one of the light-
emitting elements located a lower portion of a location into
which one of the terminals 1s to be mserted.

In this case, light emitted from the light-emitting element
located at the lower portion of the terminal-insertion location
can provide enhanced visibility. Further, when the terminal 1s
inserted into the proper position, the light emitted from the
light-emitting element will be blocked by the terminal. Thus,
based on the fact that the light emitted from the light-emitting,
clement 1s blocked, an operator can determine that the termi-
nal 1s inserted 1n the proper location, unmistakably, readily
and reliably.

With reference to FIG. 3, a detailed configuration of an
ispection signal processor of the imspection control section
100 will be described. FIG. 3 1s a block diagram showing the
ispection signal processor.

In FIG. 3, the reference numerals 111 to 116 indicate
amplifiers each operable to amplily a detection signal from a
corresponding one of the sensor plates (20a, 2056, 30a, 305,
40a, 40b), and the reference numerals 121 to 126 indicate
peak detection circuit A to F each operable to detect a peak
value of the detection signal from a corresponding one of the
sensor plates (20a, 205, 30a, 306, 40a, 40b).

The reference numerals 131 indicates an X-axis adder cir-
cuit operable, 1n response to recetving ifrom the peak detec-
tion circuits A121, B122 respective peak value signals (V _,,
V _,) of the detection signals of the X-axis sensor plates 30a,
30b, to add the recerved peak values so as to obtain an X-axis
addition value (V_,+V _,). The reference numerals 132 indi-
cates a Y-axis adder circuit operable, in response to receiving
from the peak detection circuits C123, D124 respective peak
value signals (V_,, V) of the detection signals of the Y-axis
sensor plates 20a, 205, to add the recerved peak values so as
to obtain a Y-axis addition value (V,,,+V ;). The reference
numerals 133 indicates a Z-axi1s subtracter circuit operable, in
response to recerving from the peak detection circuits E125,
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F126 respective peak value signals (V_,,V_,) ol the detection
signals of the Z-axis sensor plates 40a, 405, to calculate and
output an difference (V_,-V_,) between the received peak
values.

The reference numeral 141 indicates an X-axis divider
circuit operable, 1n response to receiving an output from the
X-axis adder circuit 131 and the peak value signal from either
one of the peak detection circuits A121, B 122 (e.g. the peak
value signal of the detection value of the X-axis sensor plate
30b), to divide the recerved peak value signal (e.g. the peak
value signal of the detection value of the X-axis sensor plate
305) by the recerved X-axis addition value (V_,+V_,)so as to
obtain a value {V_,/(V_+V_,)}.

An output of the X-axis divider circuit 141 represents a
relative change 1n either one of the detection signals from the
X-axis sensor plates 30a, 30b. This makes 1t possible to
cancel an influence of changes 1n intensity of an AC inspec-
tion signal applied (supplied) from the signal supply portion
to the corresponding terminal-fitted wire, 1t any. Thus, the
output of the X-axis divider circuit 141 has a signal level
corresponding directly to an X-axis directional position of the
terminal of the terminal-fitted wire in the connector 10. That
1s, an X-axis directional position of the terminal of the termi-
nal-fitted wire 1nserted 1n the connector 10 can be detected
according to the output of the X-axis divider circuit 141 1n a
non-contact manner.

The reference numeral 142 indicates a Y-axis divider cir-
cuit operable, 1n response to receiving an output from the
Y-axis adder circuit 132 and the peak value signal from either
one of the peak detection circuits C123, D124 (e.g. the peak
value signal of the detection value of the Y-axis sensor plate
20b), to divide the recerved peak value signal (e.g. the peak
value signal of the detection value of the Y-axis sensor plate
200) by the recerved Y-axis addition value (V, +V ;) so as to
obtain a value {V ,/(V,,+V ,)}.

An output of the Y-axis divider circuit 142 represents a
relative change 1n either one of the detection signals from the
Y-axis sensor plates 20a, 205. This makes 1t possible to cancel
an intluence of changes 1n intensity of an AC inspection signal
applied (supplied) from the signal supply portion to the cor-
responding terminal-fitted wire, 1f any. Thus, the output of the
Y-axis divider circuit 142 has a signal level corresponding
directly to a Y-axis directional position of the terminal of the
terminal-fitted wire 1n the connector 10. That 1s, a Y-axis
directional position of the terminal of the terminal-fitted wire
inserted 1n the connector 10 can be detected according to the
output of the Y-axis divider circuit 142 in a non-contact man-
ner.

The reference numeral 143 indicates a Z-axis divider cir-
cuit operable to divide the peak value signal (e.g. the peak
value signal (V_,) of the detection value of the Z-axis sensor
plate 405) by the Z-axis difference (V_,-V_,) so as to obtain

a value {VEZ/NEI_ .2'2)}'

An output of the Z-axis divider circuit 143 represents a
relative change 1n either one of the detection signals from the
Z-axis sensor plates 40a, 405. This makes 1t possible to cancel
an influence of changes 1n intensity of an AC inspection signal
applied (supplied) from the signal supply portion to the cor-
responding terminal-fitted wire, 1f any. Thus, the output of the
Z-axis divider circuit 143 has a signal level corresponding
directly to a distance between the inserted terminal of the
terminal-fitted wire and either one of the Z-axis sensor plates
40a, 4056. That 1s, 1t can be detected whether the terminal 1s
inserted to reach a desired 1nsertion position or depth, accord-
ing to the output of the Z-axis divider circuit 143 1n a non-
contact mannet.
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The above circuit configuration 1s based on the flowing
relationship 1n the X-axis sensor plates or the Y-axis sensor
plates. Given that X and Y i1s defined by n,

[1 /{(I/VHZ) + (l/vﬂl)}]/vnl — {(an X VHZ)/(VHI + VHZ)}/VHI

— (VHZJ/(VHI + Vo)

That 1s, 1n this embodiment, an AC inspection signal 1s
detected through the use of capacitive coupling, and therefore
a level of a detection signal from each of the pair of (electri-
cally conductive) sensor plates has a value inversely propor-
tional to a distance between each of the pair of sensor plates
and the terminal of the terminal-fitted wire. Thus, an 1nverse
value (1/V_,)or (1/V_,) of the signal level corresponds to the
distance between each of the pair of sensor plates and the
terminal.

Thus, the sum {(1/V, )+(1/V ,)} of these inverse values is
equivalent to a distance (reference distance) between the pair
of sensor plates (e.g. 30a, 305), and the final value [1/{(1/
V.)+(1/V, )}/ V| represents a position of (1/V, ) relative
to the reference distance Further, an inverse value [1/{(1/
V.. )-(1/V ,)}] of the final value represents a reference volt-
age value corresponding to the reference distance. Further-
more, an inverse value [V, /{(1/V, )-(1/V, ,)}] represents a
ratio of( V, ;) to the reference voltage. This can absorb varia-
tion 1n the ratio due to variations 1n a supplied AC 1nspection
signal. This calculated ratio also represents a value propor-
tional to a distance. Thus, this ratio 1s optimally usable for the
ispection.

As shown 1n FIG. 1, a distance between the pair of conduc-
tive sensor plates arranged perpendicularly to a column or
row direction of the connection 1s used as the reference direc-
tion during the operation for measuring a position of the
terminal (1.e. ameasured value 1s expressed as a relative value
on the basis of the reference distance). This reference distance
includes at least a reference distance for the X-axis sensor

plates 20a, 205, and a reference distance for the Y-axis sensor
plates 30a, 305.

For example, 1f a holder 1s used for positioning the connec-
tor, a tolerance of the reference distance 1s determined by
mechanical accuracy of the holder. In this embodiment, 1t 1s
possible to achieve a tolerance of about 0.1 mm. Thus, the
terminal-position measuring operation can be accurately per-
formed.

During the measurement, a level of a detection signal from
cach of the pair of conductive sensor plates 1s varied depend-
ing on an insertion location of the terminal in the connection.
In this case, for example, during a process ol processing
detection signals from the opposed conductive sensor plates,
respective peak values of the detection signals may be
detected under the conditions of the same amplification
degree or gain and the same offset value, to obtain V, and V,,
in the form of a DC voltage value. Further, for example, a
value {V _,/(V_,+V )} may be calculated through the X-axis
divider circuit to obtain a voltage value V1 corresponding to
an 1nsertion location of the terminal supplied with an AC
ispection signal.

Thus, even 11 a level of an AC 1nspection signal applied to
the terminal-fitted wire 1s reduced to half or (12), for some
reason, all of the values V_,, V_,,—are reduced to (%2). Thus,

there 1s no adverse affect on the voltage value equivalent to
distance.

In this embodiment, before an actual measurement, the
alforementioned calculation operation i1s performed while
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inserting the terminal applied with an AC inspection signal,
into each of a plurality of insertion locations 1n the connector,
and an obtained calculation result 1s stored as reference val-
ues. Then, when a target terminal 1s 1nserted into one of the
insertion locations during the actual measurement, the 1nser-

tion location 1s detected based on comparison with the pre-
stored reference values.

While the signal processor for addition, division and oth-
ers, 1n this embodiment 1s composed of a hardware-based
calculation circuit, the calculation may be performed on a
soltware basis using a computer and a computer program.

FIG. 4 shows one example of an inspection result using the
inspection control section 1n this embodiment.

The example 1n FIG. 4 was obtained under the conditions
that the connector housing 1s provided with a plurality of
terminal retaining portions (cavities) arranged in a lattice
pattern as shown 1n FIG. 1, and a measurement 1s performed
using the hardware-based calculation circuit while 1nserting a
target terminal 1nto the cavities in order from a cavity location
(1, 2), wherein the unit of each value 1s V.

As mentioned above, an AC 1mspection signal 1s supplied to
the terminal-fitted wires through capacitive coupling. This 1s
likely to cause difficulty 1n maintaining the inspection signal
at a constant level, resulting 1n large varnations. In this con-
nection, FIG. 4 shows two detection results obtained by
iserting a terminal of a terminal-fitted wire into each of the
cavities of the connector housing while supplying each of AC
ispection signals of 20 Vp-p and 10 Vp-p, to the terminal-
fitted wire.

In the example illustrated in FIG. 4, the upper column and
the lower column show detected inspection signals and volt-
ages after calculation of outputs from the division circuits,
respectively, 1 the detection signal of 20 Vp-p and in the
detection signal o1 10 Vp-p. As seen 1n FI1G. 4, even when the
ispection signal level applied to the terminal-fitted wire 1s
largely varied, a variation in the X1 voltages after calculation
of outputs from the division circuits 1s less than 4%. This
makes 1t possible to obtain a detection result unique to each of
the cavity locations.

Cavity Location

Relationship between X voltage after calculation of out-
puts from dividers

A relationship between each calculated voltage and each
cavity location in FIG. 4 1s shown i FIG. 7A and FIG. 7B.

The cavities 1in the connector housing are arranged at even
intervals of about 2.5 mm pitch. Thus, the X calculated value
and the cavity location have a proportionality relation, and the
X calculated value 1s not atfected and changed by whether the
terminal 1s located in the upper and lower portions of the
connector housing, and the supplies voltage. This makes 1t
possible to specily one cavity having the terminal mserted
therein according to the X calculated value.

This operation 1s performed 1n the Y-axis sensor plates 304,
306 1n the same way. This allows the wire harness checker to
provide a stable detection resultregardless of variations in the
inspection signal supplied to the terminal-fitted wire.

As above, a column-directional cavity location having the
inserted terminal can be specified by the X-axis sensor plates
20a, 205, and a row-directional cavity location having the

inserted terminal can be specified by the Y-axis sensor plates
30a, 305.

In the Z-axis sensors, the following relationship 1s satis-
fied:
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[1 /41 / Vo) =L/ Vadtl/ Va =1(Va XV2) [ (Va = V2)} Vi

— (VEZ)/(VEI + VEZ)

While the Z-axis sensor 405 1n this embodiment 1s located
on the back side of the Z-axis sensor 40a when viewed from
the connector, the detection of an AC mspeetlen signal from
the terminal 1s never blocked by the Z-axis sensor 40a even
though a detection value of the Z-axis sensor 405 about the
AC 1nspect10n signal from the terminal 1s shightly affected by
the Z-axis sensor 40a, because the connector 10 1s made of
non-electrically conductive material, and therefore each of
the Z-axis sensors 40a, 406 1s maintained 1n a high impedance
state. Thus, a given level of detection value can be reliably
obtained by the Z-axis sensor 405. That 1s, a relative relation-
ship between respective detection values of the Z-axis sensor
40a and the Z-axis sensor 406 i1s determined only by an
insertion location of the terminal, and the insertion location of
the terminal 1n the connector 10 can be detected with a certain
level of accuracy.

As above, there 1s no risk the interposition of the Z-axis
sensor 40a precludes the Z-axis sensor 405 from detecting an
AC mspection signal. Even though a detection signal level of
the Z-axis sensor 406 1s likely to be lowered due to the
interposition of the Z-axis sensor 40a, a certain level of detec-
tion value can be reliably obtained.

The above detecting operation can be performed in the
same way even when a target terminal 1s not the first one to be
inserted into the connector 10, or when several terminals have
already been attached to the connector 10. In this case, even
through a detection signal level 1s varied depending on the
locations and number of the attached terminals, 1t can be
accurately detected whether the target terminal 1s inserted to
reach a desired 1nsertion position.

That 1s, 1n this embodiment, an AC inspection signal 1s
detected through the use of capacitive coupling, and therefore
a level of a detection signal from the pair of electrically
conductive sensor plates has a value imversely proportional to
a distance between each of the pair of sensor plates and the
terminal of the terminal-fitted wire. Thus, an inverse value
(1/V_;) or (1/V_,) of the signal level corresponds to the dis-
tance between each of the pair of sensor plates and the termi-

nal.

Thus, the difference {((1/V_,)-(1/V_,)} of these inverse
values 1s equivalent to a distance (reference distance) between
the pair of sensor plates 40a, 405), and the value [1/{(1/V_,)+
(1/V_)}/V_, is proportional to a position of (l/Vzl) relative
to the reference distance. Further, an inverse value [1/{(1/
V_)-(1/V_,)}] of the above value represents a reference volt-
age value corresponding to the reference distance.

Furthermore, an inverse value [V_,/{(1/V_)-(1/V_,)}]
represents a ratio of (V_,) to the reference voltage. This can
absorb variation 1n the ratio due to varniations in a supplied AC
ispection signal. This calculated ratio also represents a value
proportional to a distance. Thus, this ratio 1s optimally usable
tor the inspection.

As above, when a target terminal 1s 1nserted, the Z-axis
divider circuit 143 can output a detection result unique to an
insertion depth of the terminal. Based on this characteristic,
the Z-axis sensor plates 1 this embodiment are used, prima-
rily, for detecting whether the terminal inserting operation 1s
reliably performed.

When the wire harness checker according to this embodi-
ment 1s used during a wire harness production process, it 1s
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necessary to position the connector 10 using a connector
holding umit 1n a production site, and position each of the
sensor plates on or adjacent to each of the side and bottom
surfaces of the connector. For this purpose, the wire harness
checker according to this embodiment comprises a connector
holding for holding the connector and positioning the sensor
plates.

FIG. 6 shows one example of the connector holding unit 1n
the wire harness checker according to this embodiment. In
FIG. 6, the reference numeral 60 indicates a connector hold-
ing unit having a connector receiving portion 61 for receiving
therein the connector 10, and positioning and holding the
connector 10. The connector holding portion 61 has a space
for allowing the connector to be loosely fitted therein, and a
bottom formed with an opening portion having an area
slightly less than that of a bottom of the connector 10. The
Z-axi1s sensor plates 40a, 405 and the insertion-position des-
ignation unit 200 1s placed on or attached to the opening
portion.

The X-axis sensor plates 20a, 205 and the Y-axis sensor
plates 30a, 305 are fixed, respeetwely,, to four side surfaces of
the connector holding unit 60 1n such a manner that each of
the sensor plates 1s spaced apart from a corresponding one of
four side surfaces of the connector recerved 1n the connector
receiving portion 61, by approximately the same distance.

Thus, an operation for inspecting an attached-state of a
terminal-fitted wire during the wire-harness production pro-
cess can be performed only by fitting the connector 10 1nto the
connector receving portion 61 of the connector holding unit
60.

FIG. 5 1s a flowchart showing an msertion ispection pro-
cess using a device for checking an insertion position of a
target terminal 1n a connector, in the wire harness checker
according to this embodiment.

Referring to FIG. 5, in Step S1, the connector 10 1s fitted
into the connector recerving portion 61 of the connector hold-
ing unit 60 1llustrated in FIG. 6, and held by the connector
holding unit 60.

In this embodiment, each of the sensor plates (20a, 205,
30a, 300, 404, 40b) are positioned 1n such a manner as to be
located adjacent to a corresponding one of the side surfaces of
the connector 10 or adjacent to the bottom surface thereof,
when the connector 10 1s received 1n the connector holding
umt 60 and held at a position for the terminal-fitted-wire
isertion operation. Thus, an after-mentioned inspection
operation can be performed only by fitting the connector 10
into the connector holding unit. Thus, after the connector 10
1s adequately fitted into the connector holding unit, the pro-
cess of Step S2 to S15 may be mitiated.

After the positioning of the connector, 1n Step S2, the
signal feeding control section 170 is activated. The signal
teeding control section 170 starts switchingly feeding an AC
ispection signal having a given frequency at given time
intervals to each of the signal supply portions, for example, of
the watershoot-shaped support members 51 to 54 supporting
a plurality of terminal-fitted wires 300 to be inserted 1nto the
connector 10. This control will be repeatedly performed until
the ispection operation 1s completed (until all of the termi-
nal-fitted wires are attached to the connector 10). In each of
the given time 1ntervals, the AC inspection signal 1s fed to
only either one of the signal supply portions of the water-
shoot-shaped support members.

In this step, a plurality of indicators may be additionally
provided in the watershoot-shaped support members. Specifi-
cally, the indicators may be designed such that one of the
indicators corresponding to one of the watershoot-shaped
support members supporting the terminal-fitted wire to be
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attached to the connector next 1s activated to emait light so as
to allow this terminal-fitted wire to be visually checked (it 1s
preferably to activate one of the indicators corresponding to
one of the watershoot-shaped support members which has the
signal supply portion fed with the AC inspecting signal).

An operator can visually check light from the indicator
corresponding to one of the watershoot-shaped support mem-
bers, and unmistakably recognize the terminal-fitted wire to
be attached to the connector 10 next.

Then, 1 Step S3, the msertion-location designation umit
200 1s controlled in such a manner that one of the light-
emitting elements corresponding to one of the msertion loca-
tions 1nto which the target terminal-fitted wire 300 1s to be
first inserted 1nto the connector 1s activated to emit light. The
operator can check the light through the holes of the Z-axis
sensor plates 40a, 405, and visually recognize one of the
isertion locations into which the terminal-fitted wire
extracted from the watershoot-shaped support member,
directly without moving his/her visual line.

In addition to the visual recognition of the insertion loca-
tion 1n advance, during the nsertion operation, the operator
can also visually check whether the terminal of the target
terminal-fitted wire 1s mserted 1nto a proper isertion loca-
tion, because, 1 the terminal 1s not inserted 1nto the proper
insertion location, the light from the light-emitting element 1s

not blocked.

Then, 1n Step S4, each of the components of the inspection
control section 100 1llustrated 1n FIG. 3 1s activated to start the
operation for detecting a terminal 1nsertion position (location
and depth). Through the aforementioned operation, the peak
detection circuits A to F (121 to 126) in the mnspection control
section 100 start detecting respective peak values of detection
signals from the sensor plates.

After confirming that the insertion location 1s designated 1n
Step S3, the operator starts the terminal-fitted-wire 1nserting
operation 1n Step S5. Firstly, the operator selects one of the
terminal-fitted wires supported by the watershoot-shaped
support members 51 to 34, to be inserted into the connector 10
next, and extracts the selected terminal-fitted wire. Then, the
operator inserts the terminal of the selected terminal-fitted
wire into the designated or desired insertion location, and
attaches the selected terminal-fitted wire to the connector.

In response to the inserting/attaching operation, detection
signals from the sensor plates can be obtained to detect an
insertion location and depth of the terminal in the connector,
in accordance with detected peak values of the detection
signals.

Then, 1n Step S6, it 1s monitored whether the terminal 1s
inserted 1nto the connector 10. Preferably, a completion of
attachment of the terminal-fitted wire to the connector 10 1s
determined whether a given time has lapsed after a detected
peak voltage V_, of the Z-axis sensor plate 40a exceeds a
given value.

Alternatively, the mspection control section 100 may be
designed to monitor an output Z from the Z-axis divider
circuit 143, and determine the completion of attachment of
the terminal-fitted wire when output Z becomes equal to or
greater than a given threshold value. Alternatively, the
completion of attachment of the terminal-fitted wire may be
determined at a time when the terminal 1s inserted into the
connector 10, and the position of the inserted terminal 1s not
changed for a given time-period. That 1s, the completion of
attachment of the terminal-fitted wire may be determined at a
time when a detection signal from each of the sensor plates
(20a, 2056, 30a, 300, 40a, 405) has a given level or more

without change for a given time-period. Preferably, the
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completion of attachment of the terminal-fitted wire 1s deter-
mined by combining two or more of the above techniques.

Then, the process advances to Step S7 for detecting
whether the terminal 1s 1nserted. In Step S7, the inspection
control section 100 detects a location of the terminal of the
terminal-fitted wire which 1s applied with the AC 1nspection
signal and inserted into the connector, to determine whether
the terminal 1s 1nserted 1n a proper location.

In this embodiment, the AC spection signal 1s sequen-
tially supplied to the terminal-fitted wires, and thereby 1t can
be detected that a specific one of the terminal-fitted wires
supported by one of the watershoot-shaped support members
51 to 54 ted with the AC si1gnal 1s attached to the connector 10.
Thus, 1t can be detected which of the terminal-fitted wires 1s
attached and 1nto which of the insertion locations the terminal
of the terminal-fitted wire 1s inserted, without contact with the
terminal-fitted wire and the terminal thereof.

In this embodiment, as to an insertion location of the ter-
minal in the connector, a detection signal value to be obtained
when the terminal 1s mserted 1nto each of the isertion loca-
tions of the connector 1s measured 1n advance and registered
as a reference measured value. Further, a threshold for deter-
mining a msertion location is set and registered together with
the reference measured value.

Then, during the mspection operation, a measurement/
detection result based on the X-axis sensor plates and a mea-
surement/detection result based on the Y-axis sensor plates
are compared with the reference measured value to determine
an insertion location of the terminal 1n the connector.

In Step S7, 1t the designated terminal-fitted wire 1s not
iserted 1n a designated insertion location of the connector,
the process advances to Step S8 for specilying a defect factor.

For example, such a defect 1s caused when a signal feeding
timing 1n the signal feeding control section 170 corresponds
the watershoot-shaped support member supporting the termi-
nal-fitted wire to be attached, but an insertion location of the
terminal of this terminal-fitted wire 1s improper (or when the
terminal 1s erroneously inserted into an improper insertion
location), or a signal feeding timing in the signal feeding
control section 170 does not correspond the watershoot-
shaped support member supporting the terminal-fitted wire to
be attached, but an insertion location of the terminal of this
terminal-fitted wire 1s proper (or when a non-designated one
of the terminal-fitted wires 1s erroneously inserted into a
proper sertion location).

Then, 1 Step S9, the fact of occurrence of defect and the
defect factor are informed to the operator. The fact of occur-
rence of defect may be mformed by generating a warning
sound or by blinking light at the improper msertion location.
Further, the defect factor may be indicated on a display panel
(not shown), and the improper and proper insertion locations
are also 1indicated thereon.

In response to the error alarm, the operator appropnately
corrects the error based on the above information. For
example, 11 an insertion location 1s improper, the nserted
terminal-fitted wire 1s detached, and another terminal-fitted
wire 1s 1nserted 1nto the connector 10.

In Step S7, when the terminal of the terminal-fitted wire 1s
inserted 1n a proper nsertion location, and a signal feeding
timing 1n the signal feeding control section 170 corresponds
this terminal-fitted wire attached to proper msertion location,
the mspection control section 100 determines that the termi-
nal-fitted wire 1s adequately attached, and the process
advances to Step S10 for determining whether all of the
terminal-fitted wires are attached to the connector 10. When 1t
1s determined that all of the terminal-fitted wires are attached
to the connector 10, this fact 1s informed, for example, using
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a completion sound, and the operator terminates the operation
for inserting the terminal 1nto the connector.

In Step S10, when 1t 1s determined that all of the terminal-
fitted wires are not attached to the connector 10, the process
advances to Step S15 for specilying the watershoot-shaped
support member supporting the terminal-fitted wire to be
attached next, and the 1nsertion location of the connector to
which this terminal-fitted wire 1s attached. After specifying
the watershoot-shaped support member and the insertion
location, the process advances to Step S3.

As mentioned above in detail, the wire harness checker
according to this embodiment makes 1t possible to mspect
whether a terminal of a terminal-fitted wire 1s properly
inserted 1 a connector, only by arranging sensor plates at
respective positions opposed to and adjacent to correspond-
ing surfaces of an outer wall of a connector, without contact
with the terminal-fitted wire having a great impact on reli-
ability of a wire harness product, so as to allow a wire harness
to be produced with high efficiency.

The wire harness checker can also reliably suppress occur-
rence ol defective products without adding a particular
ispection stage 1 a wire harness production process. In
addition, the wire harness checker makes 1t possible to inspect
a wire harness by feeding/supplying an AC mspection signal
with a low level free of adverse affect on human body.

The wire harness checker can supply the inspection signal
from any portion of a terminal-fitted wire to be attached to a
connector, without contact with an electrically conductive
material. This makes 1t possible to supply the inspection
signal various terminal-fitted wires different 1n length, 1n the
same mannet.

The wire harness checker has no need for arranging a probe
at a bottom of a connector to supply the inspection signal to a
terminal-fitted wire. This makes 1t possible to position means
for designating an isertion location (1nsertion-position des-
ignating light-emitting elements), at the bottom, and option-
ally form a hole 1n the bottom to allow light from the desig-
nation means to be wvisually checked from above the
connector, so as to directly designate an insertion location of
the terminal-fitted wire to ensure a reliable msertion opera-
tion. Further, in the event of error in 1nsertion location, this
fact can be recognized directly and visually to prevent occur-
rence ol defective products.

The wire harness checker makes 1t possible to substantially
climinate adverse affects caused by variations in the AC
ispection signal to be supplied to the terminal during mea-
surement on a position of the terminal 1n a connector. Thus,
the wire harness checker can have high reliability.

INDUSTRIAL APPLICABILITY

As above, the present invention can provide a wire harness
checker and a wire harness checking method capable of deter-
mimng the presence ol defect 1n attachment of a terminal-
fitted wire during a wire harness production process while
climinating the need for adding a particular inspection stage,
without contact with the terminal-fitted wire and without
damages 1n a terminal of the terminal-fitted wire to be inserted
in a connector.

What 1s claimed 1s:

1. A wire harness checker for inspecting a state when and
alter a terminal of a terminal-fitted wire having an end fixedly
fitted with said terminal 1s inserted into a connector housing to
form a wire harness, comprising:
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AC 1nspection signal supply means for supplying an AC
inspection signal to said terminal-fitted wire at least
when said terminal thereof 1s inserted 1n said connector
housing;

at least one pair of electrically-conductive plates disposed
adjacent to said connector housing and adapted to detect
the AC inspection signal from said terminal of said ter-
minal-fitted wire mserted nto said connector housing;
and

determination means for determining a position where said
terminal of said terminal-fitted wire supplied with the
AC detection signal from said AC 1nspection signal sup-
ply means 1s inserted in said connector housing, in
accordance with a relative detection value of each detec-
tion signal of said pair of electrically-conductive plates.

2. The wire harness checker as defined 1n claim 1, wherein
said determination means 1s operable to convert each detec-
tion signal of said pair of electrically-conductive plates nto
said relative detection value, on the basis of a distance
between said electrically-conductive plates, so as to cancel a
variation 1n the AC inspection signal supplied to said termi-
nal-fitted wire.

3. A wire harness checking method for use 1n a wire harness
checker which includes: a plurality of wire support members
cach adapted to support, with respect to each of a plurality of
insertion locations of said connector housing, a correspond-
ing one of a plurality of terminal-fitted wires to be sequen-
tially attached to a connector housing, and provided with a
signal supply portion adapted to achieve capacitive coupling
for each of said terminal-fitted wires; inspection signal feed-
ing means for feeding an AC mspection signal to one of said
wire support members which supports one of said terminal-
fitted wires to be attached to said connector housing, so as to
supply the AC inspection signal to said terminal-fitted wire;
and at least one pair of electrically-conductive plates disposed
adjacent to an outer surface of said connector housing 1n
opposed relation to one another, comprising:

detecting each of the AC 1nspection signals from said elec-
trically-conductive plates;

determiming a location where one of said terminal-fitted
wires 1s attached to said connector housing, in accor-
dance with a relative detection value of each of said
detected AC 1nspection signals; and

allowing checking on whether one of said terminal-fitted
wires supplied with the AC inspection signals corre-
sponds to said determined location of said attached ter-
minal-fitted wire.

4. An apparatus for inspecting a position where a terminal
supplied with an AC inspection signal 1s inserted 1n a connec-
tor housing, comprising;

at least one pair of electrically-conductive plates disposed
adjacent to an outer surface of said connector housing 1n
opposed relation to one another and adapted to detect the
AC 1nspection signal from said terminal inserted into
said connector housing; and

determination means for determining an insertion position
of said terminal 1in said connector housing, in accordance
with an AC-1nspection-signal detection result from each
of said electrically-conductive plates, said determina-
tion means being operable to determine an insertion
position of said terminal in said connector housing, in
accordance with a relative detection value of each detec-
tion signal of said pair of electrically-conductive plates,
s0 as to 1inspect said mnsertion position of said terminal 1n
said connector housing.

5. The apparatus as defined 1n claim 4, wherein, given that

said pair of electrically-conductive plates are defined, respec-
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tively, as nl and n2, said determination means 1s operable to
determine an 1nsertion position of said terminal 1n said con-
nector housing by comparing between a value obtained from
the following formula: (Vn2)/(Vnl+Vn2), wherein Vnl and
Vn2 are, respectively, signal values detected from said termi-
nal by said pair of electrically-conductive plates, and a refer-
ence value obtaimned from the following formula: (Vn2)/
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(Vnl+Vn2), wherein Vnl and Vn2 are, respectively, signal
values detected by said pair of electrically-conductive plates
when disposed at a predetermined reference position, so as to
inspect said 1nsertion position of said terminal in said con-

5 nector housing.
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